Non infectious vitreous inflammation is often vision threatening and can be associated with potentially life-threatening systemic conditions. Treatment is often challenging as it involves systemic medications that can be associated with adverse effects. The classes of drugs are ever expanding and include corticosteroids, antimetabolites, alkylating agents, T-cell and calcineurin agents, biologic agents, and interferons. Each class of systemic therapy for non-infectious vitreous inflammation is reviewed. We discuss the mechanisms of action, usual clinical dosages, the specific conditions that are treated, the adverse effects, and usual course of treatment for each class of therapy.
Introduction
Vitreous inflammation is a hallmark of posterior uveitis which accounts for 9-38% of uveitis cases [1] . The sequelae of posterior inflammation include visual loss from vitreous opacities, cystoid macular edema, serous retinal detachment, retinal ischemia, neovascularization, retinal pigment epithelium (RPE) changes, and subretinal fibrosis, as well as glaucoma and cataract. Vitreous inflammation may be infectious in origin as in cases of toxoplasmosis, syphilis, Bartonella, or infectious endophthalmitis. Many vision and potentially life-threatening causes of vitreous inflammation are noninfectious in origin and include sarcoidosis, VogtKoyanagi-Harada (VKH), Behçet's disease, sympathetic ophthalmia, intermediate uveitis, Wegener's granulomatosis and systemic lupus erythematosus (SLE). This paper will focus on systemic treatment of non-infectious causes of vitreous inflammation.
Corticosteroids
Corticosteroids are the primary treatment for non-infectious uveitis. Most treatments commence with the use of topical drops or ointments. However, penetration to the posterior segment is limited [2] . Higher local concentrations into both the anterior and posterior segments without significant systemic side effects are achieved by injecting or implanting steroid compounds, such as triamcinolone acetonide, either periocularly or intravitreally [3] . Intravitreal delivery can also be achieved with placement of slow-release devices such as Ozurdex and fluocinolone implants. Although these local treatments are often efficacious, inflammation may recur as the intravitreal steroid concentration decreases. While these local delivery routes have minimal systemic consequences, local side effects such as increased intraocular pressure and glaucoma, cataract, ptosis, and rarely herpetic retinitis can occur.
For patients with uveitis who do not respond adequately to local forms of steroid treatment or have severe disease, systemic steroid therapy is required to gain control of vitreous inflammation [4] . Oral prednisone is typically the first systemic therapeutic agent used at a dose of about 1 mg/kg/day followed by gradual tapering [5] . Patients on oral corticosteroid therapy are monitored for both response to treatment and adverse effects. Potential complications resulting from systemic steroid therapy include increased intraocular pressure and cataract formation, osteoporosis, hyperglycemia, aseptic bone necrosis, gastrointestinal ulcers, pancreatitis, myopathy, psychosis, delayed wound healing, Cushingoid features, secondary infection and reactivation of latent herpes simplex or tuberculosis. In successful systemic corticosteroid therapy, inflammation subsides and steroids are slowly tapered. If inflammation recurs during tapering, a higher corticosteroid dosage is instituted until inflammation resolves followed by tapering. If reactivation occurs and inflammation persists for over 4 weeks with therapy, or if the patient develops systemic adverse effects, adding locally delivered steroids and/or systemic immunosuppressive therapy should be considered [6] .
Immunosuppressive Medications
Systemic immunosuppressive treatments are critical to adequately manage certain underlying causes of inflammation (e.g., Wegener's granulomatosis) and are used as "steroidsparing" agents when long-term treatment is indicated. Immunosuppressive therapy can replace or supplement corticosteroid therapy. More importantly, early immunosuppressive therapy is helpful in reducing blindness in conditions such as Behçet's disease, VKH, sympathetic ophthalmia, Wegener's granulomatosis, juvenile idiopathic arthritis-associated uveitis, rheumatoid necrotizing scleritis, and ocular cicatricial pemphigoid [6] . Table 1 lists uveitis conditions for which immunosuppressive chemotherapy is indicated.
Immunosuppressive agents are classified generally as antimetabolites, alkylating agents, T-cell inhibitors/calcineurin inhibitors, and biologic agents. Ophthalmologic conditions for which immunosuppressive agents are used are summarized in Table 2 . Individual therapeutic agents within each class are discussed below.
Antimetabolites

Methotrexate.
Methotrexate is a folic acid analog that competitively binds with and inhibits dihydrofolate reductase, thereby, reducing production of thymidylate and purine which are essential for DNA replication [7] .Highly metabolic inflammatory mediator cells such as leukocytes are suppressed thereby reducing inflammation [8] . Folinic acid supplementation is used with high doses of methotrexate to protect more slowly dividing cells by restoring thymidylate and purine biosynthesis [7] .
Methotrexate can be administered orally, subcutaneously, intramuscularly or intravenously at doses ranging between 7.5 to 25 mg per week. It has been reported to reduce vitreous inflammation as well as other inflammatory conditions such as vasculitis, scleritis, anterior uveitis, orbital pseudotumor and sarcoidosis [9] [10] [11] [12] [13] [14] . Three to eight weeks are required for the anti-inflammatory effects of methotrexate to take full effect.
Methotrexate is commonly used as a steroid-sparing agent, allowing steroids to be tapered. Its side effect profile is preferable to that of high-dose steroids for longterm treatment and includes fatigue, nausea, vomiting and anorexia (5-25%), which usually improve following dosage reduction [15] . Less common but serious side effects include hepatotoxicity (15%), bone marrow suppression, cutaneous vasculitis and urticaria [15] . Methotrexate is a teratogen and is contraindicated for use during pregnancy [7] . Laboratory monitoring for side-effects must be performed during methotrexate therapy. Baseline labs include complete blood count (CBC), serum chemistry, blood urea nitrogen, serum creatinine, liver function tests (LFTs), urinalysis and pregnancy test. Maintenance laboratory testing is conducted at 4-week intervals and consists of CBC and LFTs. The methotrexate dose is reduced if liver enzymes double on 2 subsequent measurements and is discontinued if the liver enzymes remain elevated after dose reduction [16] . Therapy is continued for 2 years following ocular quiescence to avoid recurrence of inflammation [17] .
3.1.2. Azathioprine. Azathioprine (Imuran, GlaxoSmithKline, London, UK) is an imidazolyl derivative that metabolizes to thioinosine-5-phosphate, a purine analog that interferes with DNA and RNA replication and transcription. It suppresses lymphocyte proliferation and antibody production [18] . It also suppresses natural killer cells and the delayed type hypersensitivity reaction [19] . Azathioprine has been effective in the treatment of serpiginous choroiditis, multifocal choroiditis, panuveitis, ocular cicatricial pemphigoid, and juvenile idiopathic arthritis [20] [21] [22] .
Azathioprine is administered orally at an initial dose of 2 to 3 mg/kg/day and then adjusted based on clinical response and adverse effects. The most common adverse effect is gastrointestinal upset followed by hepatotoxicity, bone marrow suppression (leucopenia and thrombocytopenia), alopecia and pancreatitis [19, 23] .Baseline labs should include CBC and LFTs. In addition, Foster and Vitale recommend obtaining blood thiopurine methyltransferase enzyme activity levels at baseline and to withhold treatment if the enzyme activity is low or absent [24] . CBC and liver function tests are repeated at 4 to 6 week intervals during treatment. Treatment dose should be decreased in cases of mild abnormalities and temporarily discontinued and resumed at lower doses in the presence of major abnormalities [25] . Treatment is continued for 2 years following ocular quiescence [24] .
Mycophenolate Mofetil.
Mycophenolate mofetil (MMF) (CellCept, Roche, Basel, Switzerland) is a reversible inhibitor of the enzyme inosine monophosphate dehydrogenase that is involved in guanosine nucleotide synthesis. It disrupts DNA synthesis that is used by B and T cells for purine synthesis [26] . MMF also interferes with cellular adhesion to vascular endothelium and disrupts lymphocytic chemotaxis [27] . MMF has been found to be effective as monotherapy in the treatment of chronic ocular inflammatory disease [28] . It has also been found to be effective in combination with cyclosporine and methotrexate for the treatment of scleritis and uveitis [29] .
Mycophenolate mofetil is administered as an initial dose of 500 mg twice a day and adjusted after monitoring for side effects. The dose is increased to 1 g twice a day if it is well tolerated [24] . Adverse effects are most commonly gastrointestinal including nausea, vomiting and diarrhea. Less frequent side effects include leukopenia, lymphocytopenia, and hepatotoxicity [7] . CBC and LFTsshould be obtained at baseline and followed with weekly CBC for the first 4 weeks, twice monthly for 2 months and monthly thereafter. Liver function tests are obtained monthly for the duration of treatment [30] . Treatment is continued for 2 years following ocular quiescence [24] .
Leflunomide.
Leflunomide (Arava, Sanofi-Aventis) inhibits the enzyme dihydro-orotate dehydrogenase which is involved in pyrimidine synthesis. Consequently, it interferes with B and T cell proliferation and suppresses the inflammatory response [31] . Suppression of tyrosine kinase and possibly cyclo-oxygenase and histamine release may further potentiate its anti-inflammatory effects [32, 33] . Although ocular use of leflunomide is limited, it has shown promise in the treatment of ocular inflammation associated with sarcoidosis [34] . Leflunomide therapy for systemic conditions such as rheumatoid and psoriatic arthritis is typically administered orally with a loading dose of 100 mg followed by 10 to 20 mg daily. The loading dose is necessary because of the long plasma half-life of leflunomide (15-18 days) [35] . The most serious adverse effect is hepatotoxicity which can range from jaundice to fulminant hepatitis. Other adverse effects include headache, paresthesias, leucopenia, anemia, thrombocytopenia and interstitial lung disease [36] . Concurrent use with methotrexate is discouraged because of potential hepatotoxicity. Patients should have baseline CBC and LFTs every 2 weeks for the first 6 months and then every 8 weeks following commencement of treatment. Leflunomide is teratogenic and contraindicated for use during pregnancy [35] . The optimal duration of therapy is currently not certain.
Alkylating Agents
3.2.1. Cyclophosphamide. Cyclophosphamide (Cytoxan, Bristol-Myers Squibb) is an alkylating agent derived from mustard gas. It is cytotoxic to rapidly dividing cells such as T and B lymphocytes by alkylating DNA bases and disrupting DNA cross-linking, and antibody production and delayedtype hypersensitivity is suppressed [37] . Cyclophosphamide has been found to be effective in the treatment of ocular inflammation associated with Wegener's granulomatosis, polyarteritis nodosa and Behcet's disease. It is also used to treat bilateral Mooren ulcer and severe ocular cicatricial pemphigoid and scleritis secondary to rheumatoid arthritis and relapsing polychondritis [38] [39] [40] [41] [42] [43] .
Cyclophosphamide is preferably administered intravenously rather than orally as induction is more rapidly achieved and bladder exposure is reduced [44] . It is initially administered intravenously at a dose of 1 g/m 2 and adjusted based on the response, serial CBCs and the presence of any adverse events [30] . Treatment is commenced every 2 weeks and once stabilized treatment intervals are reduced to 3 to 4 weeks.Adverse effects are reversible bone marrow suppression, hemorrhagic cystitis, secondary cancers such as bladder cancer and acute myeloid leukemia, testicular atrophy and ovarian suppression. Cyclophosphamide is teratogenic and contraindicated in pregnancy. Baseline CBC with platelets, liver function tests and urinalysis are obtained. CBCs and urinalysis are repeated weekly initially and all labs are repeated monthly when the blood counts are stabilized. The dose is lowered if there is mild bone marrow suppression and interrupted and restarted at a lower dose if there is severe bone marrow suppression. The dose is discontinued if there is hematuria and consultation with urology is recommended if persistent after 3 weeks [30] . Treatment is continued for 1 year following ocular quiescence [1] .
Chlorambucil.
Chlorambucil (Leukeran, GlaxoSmithKline, London, UK) is an alkylating agent derived from nitrogen mustard. It causes cross linking within DNA strands interfering with DNA replication and transcription [45] . Chlorambucil has been used to treat Behçet's disease, sympathetic ophthalmia and serpiginous choroiditis [46, 47] .
Chlorambucil is administered orally as it does not have the deleterious bladder effects seen with cyclophosphamide. Initial dosing is typically 0.1 mg/kg/day with incremental adjustments based on response, clinical labs and adverse effects to a maximum of 12 mg daily. Treatment is continued for 1 year following ocular quiescence [24] . Another treatment algorithm is short-term high-dose oral therapy for 3 to 6 months [30] . Adverse events related to chlorambucil include reversible myelosuppression, bone marrow aplasia, male sterility, amenorrhea, gastrointestinal distress, hepatotoxicity, central nervous system effects such as seizures, secondary cancers, and reactivation of latent herpes simplex virus [30, 48, 49] . Baseline labs include CBC with differential and LFTs. CBC is followed weekly initially and monthly along with LFTs once the dose is stabilized. It is especially important to monitor these patients for myelosuppression since the effect of chlorambucil on the bone marrow is cumulative [30] .
T-Cell Inhibitors/Calcineurin Inhibitors
3.3.1. Cyclosporine. Cyclosporine (Neoral, Novartis) is a fungal byproduct that binds cyclophilin and calcineurin and inhibits T lymphocytes and their ability to produce lymphokines such as interleukin-2 [50] . Although it was originally used to suppress rejection following solid organ transplantation, its ophthalmologic use is well established. It has been found to be effective in the treatment of Behçet's disease, VKH, sarcoidosis, sympathetic ophthalmia and birdshot retinochoroidopathy [51, 52] .
Cyclosporine is administered orally with an initial dose of 2.5 mg/kg/day and increased in increments of 50 mg to a maximum dose of 5 mg/kg/day based on clinical response [24] . Side effects include hypertension, renal toxicity, hypertrichosis, gingival hyperplasia, myalgia, tremor, paresthesia, and lymphoma. Side effects are more likely to occur with doses higher than 10 mg/kg/day or with prolonged use. Baseline labs should include CBC with differential, blood electrolytes with BUN and creatinine, LFTs, urinalysis and blood pressure. Blood pressure and blood electrolytes with BUN are monitored every 2 weeks and then monthly along with liver function tests, creatinine, and CBC once therapy is stabilized [30] . Treatment is continued for 2 years following ocular quiescence [24] .
Tacrolimus (FK506)
. Tacrolimus (Prograf, Astellas, Tokyo, Japan) is a macrolide antibiotic that like cyclosporine, inhibits calcineurin and suppresses T-cell signal transduction and interleukin-2 transcription [53] . Although clinical experience for treatment of uveitis is more limited than that of cyclosporine, tacrolimus has been found to be effective in the treatment of intraocular inflammation usually in conjunction with systemic corticosteroids [54] . It has also been found to be effective in treatment failure with cyclosporine [55, 56] .
Tacrolimus is administered orally at a dose of 0.10 to 0.15 mg/kg/day. It is also available for intravenous use. Adverse events are similar to those seen with cyclosporine. In addition to hypertension and nephrotoxicity, side effects include hyperglycemia, hyperkalemia, hypomagnesemia, loss of appetite and neurologic symptoms such as insomnia, confusion, depression, catatonia, tremors and seizures, and increased risk of non-Hodgkin's lymphoma. The more severe symptoms are seen at higher doses when given intravenously in transplant patients [57] [58] [59] . Laboratory evaluation is similar to that for cyclosporine and includes baseline CBC, LFTs, and electrolytes with BUN and creatinine. Blood pressure and blood electrolytes with BUN are monitored every 2 weeks and then monthly along with liver function tests, creatinine, and CBC once therapy is stabilized.
Rapamycin (Sirolimus).
Rapamycin (Rapamune, Phizer, New York, NY USA) is a macrolide antibiotic that inhibits cellular response to interleukin-2 to block B and T lymphocyte activation. Unlike tacrolimus and cyclosporine, rapamycin inhibits the mammalian target of rapamycin (mTOR) and is not a calcineurin inhibitor. Thus it is thought to be less nephrotoxic. Early studies suggest that rapamycin may be most useful in combination with other immunosuppressive agents [60, 61] .
Rapamycin is administered orally at a loading dose of 6 mg followed by a daily dose of 2 to 6 mg/day [60] . Baseline and follow-up laboratory and blood pressure monitoring is similar to that of cyclosporine and tacrolimus. Described side effects include elevated liver enzymes, thrombocytopenia, anemia, hypercholesterolemia, nausea, abdominal pain and eczema. All high-dose immunosuppressants given to transplant patients carry an elevated risk of malignancy, and the risk to uveitis patients is likely proportional to dose and duration.
Biologic Agents.
Biologic response modifiers, also known as biologics, are a newer class of therapeutic proteins used to treat uveitis by inhibiting bioactive mediators or cytokines such as tumor necrosis factor alpha (TNF-α) and interleukin-2. These agents were developed for the treatment of systemic inflammatory diseases and for the prevention of solid organ transplant failure. They target specific molecules in the inflammatory process and may be an alternative in treating uveitis refractory to conventional treatment. Because of the integral immunologic role of TNF, its suppression increases the risk of latent and opportunistic infections such as tuberculosis, histoplasmosis, coccidiomycosis, and herpes viruses. In addition, there are rare reports of lymphoma and other malignancies with the use of TNF blockers. Use of biologics for the treatment of uveitis is considered off-label in the USA.
There are 2 major groups of biologic agents, monoclonal antibodies and fusion proteins. Types of monoclonal antibodies are identified by their suffix. Antibody sequences are human if the suffix is "-umab," humanmurine (human constant and murine variable regions) if the suffix is "-ximab" and humanized (human constant and murine/human variable regions) if the suffix is "-zumab." Fusion proteins are created by joining two or more genes originally coded for separate proteins. They are composed of a receptor with specificity to the molecule of interest fused with another protein fragment such as a portion of an antibody. The suffix ending in "-cept" denotes fusion proteins.
3.4.1. Etanercept. Etanercept (Enbrel, Pfizer, New York, NY USA) is a fusion protein composed of a TNF receptor and the Fc fragment of human IgG antibody. It inhibits the binding of TNF-α and TNF-β to the surface TNF receptors, inactivating TNF and suppressing neutrophil migration and pro-inflammatory cytokine synthesis. Clinical studies have been indeterminate regarding the efficacy of etanercept for the treatment of ocular inflammation [62] [63] [64] [65] .
Etanercept is administered subcutaneously, 25 mg twice a week for 2 years. Contraindications to Etanercept include a history of latent tuberculosis (TB) and exposure to hepatitis B. Adverse effects of etanercept include infection, reactivation of latent TB and hepatitis B, and rare reports of pancytopenia, central nervous system demyelination, congestive heart failure, and lymphoma [66, 67] . Tuberculin skin testing and hepatitis B serologic testing are performed at the time of screening. CBC and LFTs are also performed at baseline and repeated monthly [30, 68] .
3.4.2.
Infliximab. Infliximab (Remicade, Janssen, Beerse, Belgium) is a monoclonal antibody that binds and inhibits both bound and circulating TNF-α [69] . It has shown encouraging responses in patients with treatment-resistant ocular inflammation including Behçet's disease, Wegener's granulomatosis, sarcoidosis, and juvenile inflammatory arthritis [70] [71] [72] [73] [74] .
Infliximab is administered intravenously with loading infusions at weeks 0, 2, and 6. The doses are 5 mg/kg for monotherapy and 3 mg/kg in patients receiving concurrent noncorticosteroid immunomodulatory treatment. Maintenance infusions are then performed every 8 weeks [74] . Adverse events include infections including upper 6 Mediators of Inflammation respiratory and urinary tract, cough, rash, nausea, vomiting, abdominal pain, headache, lupus-like illness, vasculitis, anemia, and thrombocytopenia [74] [75] [76] . Tuberculin skin testing is performed at the time of screening. CBC and LFTs are also performed at baseline and repeated monthly. Treatment is maintained for 2 years after ocular quiescence is achieved [17] .
3.4.3. Adalimumab. Adalimumab (Humira, Abbott) is a recombinant humanized monoclonal antibody that binds and inhibits TNF-α [77] . Adalimumab has been used with increasing frequency and found to be effective for treatment of Behçet's disease, VKH, birdshot retinochoroidopathy, juvenile inflammatory arthritis, and scleritis due to rheumatoid arthritis [78] [79] [80] [81] [82] .
Adalimumab is administered subcutaneously at a dose of 40 mg every two weeks [83] . Adverse effects are similar to those of infliximab and etanercept and include the reactivation of latent infections such as tuberculosis and opportunistic infections. The most common side effects are injection site reactions, upper respiratory and urinary tract infections, headache, confusion and rare reports of central nervous system demyelination, hepatotoxicity, congestive heart failure and lymphoma [84, 85] . As with other TNF-α inhibitors, tuberculin skin testing is performed at the time of screening. CBC and LFTs are also performed at baseline and repeated monthly. Treatment is maintained for 2 years after ocular quiescence is achieved [17] .
3.4.4.
Daclizumab. Daclizumab (Zenapax, Genentech/Roche) is a humanized monoclonal antibody to the interleukin-2 receptor on T lymphocytes [86] . In several small case series, daclizumab has been found useful in treating birdshot retinochoroidopathy, posterior uveitis and juvenile inflammatory arthritic uveitis [87] [88] [89] .Daclizumab, which was discontinued by Hoffman La Roche on Sept 01, 2009, is no longer available to the US market and is primarily used through participation in clinical trials.
Daclizumab is administered intravenously at 1 mg/kg every 2 weeks with or without other immunomodulators. The dose is then adjusted based on the clinical response to a maximum daily dose of 200 mg [90] . Daclizumab is generally better tolerated than TNF-α inhibitors. Adverse effects include rash, lymphadenopathy, chest discomfort, and fever [91] . Baseline laboratory evaluation includes CBC and LFTs, which are repeated prior to each infusion. Treatment is maintained for 2 years after ocular quiescence is achieved [87] .
3.4.5. Rituximab. Rituximab (Rituxan, Biogen Idec, Weston, MA) is a chimeric monoclonal antibody that binds to CD20 antigen on the surface of B cells and suppresses B-cell differentiation resulting in reduced IgG and IgM production [92] . It has been found to be effective in treatment of Behçet's disease, Wegener's granulomatosis uveitis and retinal vasculitis [93, 94] . It has also been used in conjunction with intravenous IgG in the treatment of ocular cicatricial pemphigoid [95] . It is important to emphasize that rituximab treatment is associated with a risk of death from severe side effects, such as pneumocystis infection, toxic epidermal necrolysis, and progressive multifocal leukoencephalopathy [96, 97] . Other adverse events include severe infusion reaction, infection, and acute renal failure [98] .
3.4.6. Tocilizumab. Tocilizumab (Actemra, Roche, Basel, Switzerland) is a humanized monoclonal antibody against the interleukin-6 (IL-6) receptors on T-and B-cells and monocytes and hinders IL-6 expression. It is primarily used for the treatment of rheumatoid arthritis and received FDA approval in April 2011 for treatment of systemic juvenile idiopathic arthritis [99] . IL-6 has been found to be elevated in the vitreous of patients with active posterior uveitis [100] . Tocilizumab for ophthalmic use has been limited to date. It has recently shown promise in the treatment of refractory uveitis [101] .
Common side effects include upper respiratory tract infections, nasopharyngitis, hypertension, headache, and transient increases in alanine transaminase [102] . Less common side effects include neutropenia, thrombocytopenia gastritis, gastrointestinal perforations, and opportunistic or recurrent infections such as tuberculosis and fungal infections [103] . [104, 105] . IFN-α 2a has been used successfully in the treatment of Behçet's disease [106, 107] . IFN-β 1a has been used to reduce recurrences of uveitis in patients with multiple sclerosis [108, 109] .
IFN-α 2a is typically administered at a dose of 3 to 6 million international units each day to 3 times weekly [110] . The most common adverse effects include fever, chills, myalgias, fatigue, alopecia, and depression [111] . Interferon retinopathy has been reported and should be evaluated. Baseline laboratory tests include CBC, LFTs and thyroid function. CBC and LFTs are repeated at 4 week intervals, while thyroid function tests are performed every 3 months. The goal of treatment is to achieve ocular inflammatory quiescence for 2 years before stopping therapy [6] .
Conclusion
In summary, a heterogeneous group of non-infectious inflammatory diseases result in vision-threatening vitreous inflammation. The goal of treatment is to eliminate intraocular inflammation rapidly while closely monitoring drug side effects. There are now many classes of drugs which may be used as monotherapy or in combination to achieve this goal. Many of these inflammatory disorders require long-term steroid-sparing agents to adequately control disease, usually 
